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tribution of the various elements, particularly a.s influ
enced by the size of the ingot. 

The distribution of phosphorus in the various ingots is 
shown in Fig. ]. It may be said that carbon and sulphur 
show a similar distribution, differing, of course, as to the 
amounts in the various regions. The diagrams indicate 
thil.t the regions of concentration of the phosphorus, 
figured as a percentage of the volume of the ingot, 
increase II.'! the size of the ingot increases; the analyses 
also indic/loted that the maximum concentration of phos
phorus in the segregated region increases as the size of 
the ingot increaBes. 

The regions of negative segregation, that is, decrea.se 
of phosphorus below the average of the steel as poured, 
are also of considerable interest. The top of the ingot 
shows considerable decrease of the phosphorus, carbon 
and sulphur, and this decrease extends downward along 
the sides a greater distance in the larger ingots. The 
analyses also showed that the amount of the deficiency in 
phosphorus increased in a general way as the size of the 
ingot increased. This means that the outer parts of the 
section of a rail made from the upper .end are softer than 
the average of the steel from that ingot, and this has been 
found true of rails examined by means of tensile tests. 
There is also 110 regiQn of milder negative segregation in 
the interim- a.nd lower � of the ingot. 

DUCTI�ITY OF �ILS. 

A c�wparison of the ductility of raUs ma�e by the 
or� BesseIj1er process, as me!l,sured in the drQp test 
Mid, iQ tht:l teIWon test, is interesting. Fig. 2 is given to 
show the couq�{l.rison. The distance frQItl the top of the 
Uurot W, per cent of weight ill :plotted \lQl"i7iQnt�y a.nd 
t\le �r cent elcmg�tlQll is plotted verti�y. The �long� 
� h� thl'l tl'lnmoj:l test was lD.ea.l!ured Qll a ��tp�eee � 
inch dWn�ter with a. gage le�th of � 4lches.  The 
el�lIot4>n ix!. the !!rop test was measured by rua.ctIlg g�ge 
ma.rb near the middle of the length of the piece of ra,il 
on the side in tension, 1 inch apart, for a distance of 6 
inches, and the length of the space which stretched most 
when broken under. the drop was taken as the measure 

of the ductility of the rail in the drop test. Two curves 
are given showing the ductility of the rail bar in the drop 
test, one with the head in tension and the other with the 
base in tension. Two other curves are given showing 
the ductility of the rail bar in the tension test, one repre
senting the interior of the head near its j unction with the 
web and one representing the average of the flange and 
the upper corner of the head, as the results from these 
two locations were about the same. 

III the tension test the exterior metal (as represented 
by the ftange and the corner of the head) shows good duc
tility along the w hole rail bar, although there is a general 
increase as we go down the ingot, from about 1472 per 
cent elongation at 10 per cent from the top.to about 1872 
per cent elongation at 90 per cent down. The results 
from the interior of the head near the web, however, 
differ considerably from these. There is fair ductility 
near the top, the elongation then drops off to less than 5 
per cent at about 15 per cent from the top, and it then 
rises again and in the lower part of the raii bar averages 
slightly above the results from the exterior of the section. 

In the drop test with base in tension, the elongation 
runs from 12 per cent to 24 per cent. With the head in 
tension there.is also a continuous increase in going down 
the illgot, but the dil'ferenceli! in elongation are much 
greater (8 per cent to 27 per cent). In this respect there 
is considerable similarity between the ductility measured 
in th,e tension test of samples from the interior of the 
head and the ductility as measured in the drop test with 
the head in tension. It would seem, therefore, that this 
latter test may be more useful to ascertain the ductility 
of the interior metal than the drop test with the base in 
tension, as is usual in inspection work. Since the above 
was firSt written the Railway Age Gazette (December 8th, 
1911, p. 1,176) has abstracted an article by C. Fremont 
in Le Genie Civil, in which Fremont comes to about the 
same conclusion. but goes a little further and recommends 
that some of the top of the head be first planed off and 
the rail then tested by the drop test with the head in 
tension. 
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INFLUENCE OF TEMPERATURE OF ROLLU'lG. 

An investigation was made to determine the illtIuence 
of the temperature at which the steel is rolled on the 
properties of Bessemer rails. A series of five ingots fr.om 
one heat of Bessemer steel was rolled into rails, all in 
similar manner except as to the temperature at wlli",h 
they were rolled. One ingot was rolled "cold" Q.J1d th.e 
temperature was increased with the succeediJ;J,g ingots, 
finally rolling the last ingot very hot. The influence of 
the temperature as ascertained by these tests m/l.Y be 
summed up as follows: 

The ductility and deflection in the drop test were in
fluenced little, if any, by the rolling tempe1'/l.ture. The 
number of blows that it took to break the rails in the 
drop test was uninfluenced by the temperature of rolling. 
The yield point and tensile strength in the tension tests 
were influenced little, if any. The elongation in the 
tension test decreased some as the temperature increased. 
The influence of temperature showed �ost prominently, 
in the tension test, in the reduction of area, which de
creased as the temperature of rolling increased. The size 
of the grain, as shown by the microscope, increased as 
the temperature increased. 

PLAN OF WORK. 

The general plan of 9ur research work has been to 
direct attention to some one item which enters as a factor 
in the properties of the finished rail and attempt to obtain 
definite information concerning its influence by the experi� 
mental method of obtaining as great a range as prac
ticable in the one item under consideration, but leaving 
all other conditions as near alike as possible. It is thus 
hoped to aid in establishing in the course of time the 
metallurgical principles and laws that apply to the nIIloJl.U
facture of steel rails for the purpose of designing speci
fications and rail sections that will give uniforml:)' sMe 
rails of good wearing qualities, and at a minimum cOllt. 

The condition of co-operation in this work existing 
between the railroads and steel manufacturers is very 
gratifying and may be expected to work to the best in
terests of the public, the railroads and the steel mills. 

Superheated Steam 
• 

LocomCDtive Service In 

Investigations Conducted at the University of Illinois 

A GREAT deal has been written about the economy 
of superheated steam in locomotive service, but for 
the most part the subject which has claimed atten
tion has been the net sa.ving of coal which the system 
may effect. The saving of water has not been over
looked, but comparatively little attention has been 
paid to the cost of producing the superheated steam to 
be used. The question has seldom been fairly faced. 
Perhaps it has even been intentionally ignored in some 
quarters. There exists to-day only one set of data suffi
ciently comprehensive to form any guide in this ques
tion, and, to the great loss of the profession, the pub
lished particulars of this work only cover a portion of 
the necessary range. The data we refer to �ve resulted 
from work on the Purdue locomotive-testing plant 
of the University of lllinois. Commenced under Dr. 
W. F. M. Goss, the investigation has been extended 
by Profs. C. H. Benja.min and L. E. Endsley; but 
though a rell'Ume of the latter· work has been pub
lished, the full data are only available of that portion 
conducted by Dr. Goss. These have been pub1ished 
in the form of Reports by the Carnegie Institution of 
Washington. A curtailed edition of one of these has 
recently been issued by the University of Illinois,l 
and, while omitting much of the tabular matter, gives 
the discussion of the tests, and the comparison be
tween superheated and saturated steam performance 
which appeared in the Carnegie. Institution report 
",\Ipv� �f� to. 

The "'PQrt is interesting, b�t on some pQints is not 
conclusive enough to settle fO! &ll tim..e �tain dis
P.�ted fac.ts, on w4ich still furt�r Wor�90n would 
li@ of illteNSt. For in,s�ce, the qu�tion Qf gen8l"!lotor 
�"ci�cy Ql" the rela.tiv� cost of produ�� superheated 
� �tqra.Yl4 s� is l�ft in I!o rather a�bigqoqs s�te. 
Qr. Gqss CQ1lcludes from the tests thQ.t tAe cqmbined 
superheater and boiler had an efficiency 4 per cent 
greater than the saturated-ste&m boiler. It is not ex
pIa.in.ed, however, how this could be, though certain 
data would certainly appear to corroborate this co.n
clusion. The tota,l lt�#ng surface i\l the combined 
superb,eater and genera.tQr was 8 per cent less �han 
in the original boiler, and the heat absorbed per sqU{l.re 
foo.t or superheater surface proved to be only from 
34 to 53. per cent Qf that absorbed by the water sur
face. T4is low ratio of transmission, however, is apt 

1 University of Ill1nols Bulletin No. 57. "Superheated 
Steam 111 Locomotive Service," by Dr. W. �. l'd. Goss. Pub
lished by the UDiverslty, 'Urbana, Ill., U.S.A. Price �O 
cents. London Agents: l'deBilrB. Chapman and Hall, Limited. 

to be misleading. It compares the superheater' sur
fl!oce with the whole of the water-heating suriace, which 
latter, of <;lourse, includes the fire-box surface, through 
which the transmission is very high. If the super
heater surface be compared with the water-tube .sur
face, the disparity is not nearly so great. In fact, it 
appea.rs in some classes of superheater that the loss 
of efficiency due to this difference may be small, or 
possibly non-existent, though it is doubtful whether 
this be so in the type with which Dr. Goss' report 
is concerned. 
. In view of the moderate degree of superheat ob
tained in this instance, and of the fact that the heat 
remaining unabsorbed in the gases atter passing over 
the superheating surface would be expected to be greater 
tl\ail, in the ca.s,e of water surface, it might reasonably 
be supposed that the heat lost in the case of the super
heater and boiler combined would be greater than in 
the saturated-steam boiler. Dr. Goss, unfortunately, 
does not enter into any discussion of this question, but 
it has Iecently been taken up by Mr. Lawford H. Fry, 
M. Inst. C.E., in an article contributed by him to 
the Railway Age Gazette, on "The UtIlity of Flue-Gas 
Analyses in .LOcomotive Tasting. "t In this article the 
author concludes that the efficiency in the case of the 
superheater generator and saturated-steam boiler was 
identinal, but that, incidentally, in the superheated

. steam boiler more air appears to have been dra WD. through 
the grate than in the tease of rthe saturated-steam 
boiler. 

. 
If we accept this, the total heat'"" generated from the 

coal must have been greater, and. the 10!ls in unburnt 
coal less, in the former case than in the latter; and 
though more heat was produced, only an equal quan
tity was utilized owing to the reduced surface. The 
tlfficiency of absorption, i. e., the percentage of the 
heat utilized .to that produced from. the coal, was be
tween 81 to 85 per cent in the case of the saturated
steam boiler, and 78 to 81 per cent in the case of the 
superheated-steam' generator. 

The conclusion that the loss in unburnt coal is lower 
in superheater engines than in saturated-steam engines 
seems to be substantiated by at least some experience in 
actual practice. With such varying conditions as occur 
in locomotive work, a general statement on such a mattm' 
needs to be supported by a large number of accumulated 
facts. There are a few known cases in which trouble 
has been taken to measure the smoke-box ash, but such 
figures as are available show this to be much less in the 

• Railway Age Gazette, June 21st, 1912, page 1536. 
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case of superheater than in non-superheater engines. 
While not conclusivo, this is suggestive that the whole 
loss in unbllrnt coal may very well be less in. the case of 
the former than with the latter. 

Mr. Fry's interpretation of these tests at Purdue 
infers that more air was used for combustion in the case 
of the superheater tests than in the others. Tltis, ot 
courso, might arise, as he appealS to conclude, from a 
difference in smoke-box conditions. The smoke-boxes 
were, of course, unlike. One boiler had the usual Ameri
can front end with netting and diaphragm, whilo the 
othor contained netting and the superheater damper
box. It is possible that the obstruction to the lower 
tubes may have been less in the case of the superhoater 
boiler than in the saturated-steam boiler, but there does 
not seem to be much choice between the two arrange
ments .as regards general freedom at the front end. On 
another hypothesis the greater quantity of air drawn 
through the superheater boiler may merely have been 
inl!idental to thinner firing. It is fairly well known that 
thinner fires can be worked on such engines than Oll 
saturated-steam engines, and this would appear, there
fore, to afford a clue, though no light is throWll on tWs 
point by Dr. Goss. 

The interpretation placed thus upon these tests seems, 
therefore, more or less in agreement with resUlts obtained 
in service. Conclusions, however, must .notbe too 
hastily arrived at. For one thing, the tests refer to a 
steam-generator giving steam of no very high degree of 
superheat, while for another it is open to question 
whether some of the relations are quite satildied by the 
curves adopted. For instance, Mr: Fry's a.rgQment is 
based upon his opinion that the boiler efficiency in l'ela,.. 
tion to rate of working is satisfied by identical curves for 
both the saturated and superheated-steam generators. 
Dr. Goss did not come to this conclusion, and omittiIlg, 
for some unexplained reason, certain superhea� tes�s 
giving low results, found the saturated curve to bEl, in his 
opinion, lower than that for the superheater boiler. A 
consideration of the points obtained for the sa,tQfl!.ted 
boilel:, plotting equivalent evaporation per 1 POll.\l,q ot 
dry. coal against equivalent evaporation per sq� f�t 
of grate area per hour, leads to the conclu.sion �t the 
expression adopted as satisfying conditions in tltis bq\\(lr 
is a fair interpretation of these tests. We are not so w.ell 
satisfied with the superheater tests, however, �� in this 
case a line of less slope seems to fit the points ju,st as well 
as that adopted by Mr. Fry. If such a line be taken, it 
would seem that the efficiency of the superheater gen
erator is less than the saturated-steam boiler at low rates, 
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and greater at high rates of working-a state of affairs 
which .there seems some reason to believe approximates 
to facts so far as they are at present known. It may be 
pointed out that at low rates of working the heat ab
sorbed by the superheater elements is low, and this would 
seem to tend to inefficiency at low rates. At higher 
rates the heat absorbed by the superhf;later surface is 
much higher relatively to that absorbed by the water
heating surface. The scrubbing action inside and out
side the superheater tubes is increased and the trans
mission improved, making for higher efficiency for the 
whole generator. 

The superheater boiler tests at Purdue showed in one 
respect results which we believe to be quite unusual. As 

recorded in the reports, the sparks ejected from the 
chimney appeared to have a greater value than those 
retained in the smoke-box. We are aware of no other 
tests in which this position is not reversed. It would 
seem logical to suppose that as the larger cinders passing 
through the tubes are less thoroughly consumed than 
the smaller, the smoke-oox cinders would have a higher 
value than the smaller dust passing through the netting 
and up the chimney. Most of the available informa

tion supports this conclusion. It may be as well, how
ever, to ·remember that with friable coals a large quan
tity of coal-dust passes direct from the shovel to the 
tubes and stack without getting near the grate. 

The bulletin to which we referred above concludes 
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with a summary comparing tests made more recently 
by Profs. Benjamin and Endsley WIth the high-degree 
superheater engine, with those made-earlier by Dr. Goss 
with the moderate superheat and saturated-steam en
gines. The information in this connection is rather 
meagre, and does not therefor offer itself to critieism. 
It is to be hoped that some day more extensive details of 
the later tests may be forthcoming. There are so many 
interesting facts in connection with superheater locomo
tives awaiting elucidation that means of carrying con
clusions further than is possible at present would be 
greatly welcome, especially if they emanate from such a 
plant as that at Purdue, from which so much good work 
has issued.-Engineering. 

Recent Discoveries of Ancient Man * 

The Neanderthal Type Probably Not the Ancestor of Modern Man 

"Throughout our early education we have been accus
tomed to such strict economy as elates to the chronology 
of the earth and its inhabitants in remote ages, so fettered 
have we been by old traditional beliefs, that even when 
our reason i8 cont'inced and we are persuaded we ought 
to make liberal grants of time to the geologist, we feel how 
hard it is to get the chill of poverty out of our bones."
Sir Charles Lyell, 1864. 

THE steamer which sails from London every Saturday 
lands its passengers at Bordeaux on the following 
Tuesday, right on the threshold of that wonderful part 
of France which in recent yearl:l has given us several 
missing chapters in the history of ancient man, chapters 
which depict phases in the life of mankind long anterior 
to the days of the pyramids or of the oldest civilizations 
of the East. The country which has proved to. be the 
record office and treasure house of prehistoric man is 
drained by the Dordogne, which joins the Garonne a. 

few miles below Bordeaux (Fig. 1). A leisurely train 
journey of eighty miles up the valley of the Dordogne 
eastward brings the traveler to Le Buisson, a mere 
railway junction, where he finds himself within easy 
reach of those sites which have been made famous of 

Fig. 1.�Sketch Map of the Dordogne, Showing the 
Sites at Which Recent Discoveries of Neanderthal 
Man Have Been Made. 

late by the discoveries of French anthropologists and 
archmologists. 

On alighting at Le Buisson the traveler sees the val
ley of the Dordogne stretching away toward the east, 
bounded on each side by steep and weathered bluffs 
of soft rock. On the floor of the valley between the 
bluffs lies a strip of meadow land with the river rippling 
in the sun1ight as it meanders from side to side. It 
was in the caves and rock-shelters along the sides of 
this picturesque, peaceful and not unfruitful valley that 
prehistoric man made his home and where he has left 
his handiwork and, in some cases, his bones, to tell 
us the. story of his time. 

At Le Buisson it is better to leave the Dordogne and 
turn northward along the narrow and tortuous valley 
of its tributary, the Vez�re (Fig. 1). The caves, rock
shelters and terraces along this valley have been ex
plored and studied for more than fifty years by the 
French savants. Numerous sites of prehistoric man 
have been discovered, but none is more instructive than 
that at La Ferrassie near the village of Le Bugue, an 
old settlement at the foot of the cliffs on the western 
side of the valley, four miles above Le Buisson. Ten 
years ago M. Peyrony, the schoolmaster at Les Eyzies, 
a cliff village four miles further up the Vezere valley, 
began to explore the debris which had accumulated 
at the foot of the cliff or rock-shelter of La. Ferrassie; 
later he was joined by Prof. Capitan, of the College 
de France, Paris. In 1909 the working face of their ex
ploratory excavation at the foot of the cliff showed 
seven distinct strata lying one above the other (Fig. 4). 
The upper stratum, 4 feet in depth, was composed of 
the rubble and dust which, in the course of centuries, 
had been detached by the weather from the face of the 
cliff, formi� a soil for the growth of plants. The 

'�eprQduced t'rom �r� 

By Prof. Arthur Keith, M. D., LL. D. 

upper stratum shows how the weather is slowly widen
ing the valley by wasting the face of the bluffs which 
bound it. The second layer, nearly 3 � feet thick, 
wa.s composed of altered material; it contained worked 
flints and remains of animals which showed that the 

Fig. 2.-Section of the formation at La Quina, where 
Dr. Henri Martin discovered a skeleton of Neander
thal man. The stratum in which the skeleton lay 
represents a deposit in an ancient bed of the adjacent 
stream. The ancient bed is buried beneath debris 
which has fallen from the cUlt. (After a drawing 
in La Revue Bcientiftque.) The strata removed dur
ing Dr. Martin's excavationsl are represented by 
stippled Unes. 

stratum was formed in that period of Palmolithic cul
ture known as the upper or later Aurignacia.n.1 The 

lOur readers who wish to have a recent and authorita
tive Introduction to the present state of our knowledge of 
the cultural ages of the PalreoIlthlc period should obtain the 
British Museum Guide to The Ant'au'He8 01 the Stone Age, 
revised In 1911 by Mr. Reginald A. Smith. 

MAOOE.L£N1AN 

80I..UTRf;AN 

AUfUGfIIAC1AN 

MOU8TER1Aff 

Fig. 3.-A diagrammatic section of the sand-pit at 
Mauer, showing the strata overlying the human man
dible found there in 1907. The various deposits or 
strata are indicated at one side and the correspond
ing cultural phases of ancient man on the other. 
(Modified from Prof. Schoetensack's Monograph.) 
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third stratum, only 1 � feet thick, was recognized from 
its contents as middle Aurignacian. The lower or early 
period of the same culture was represented by the fourth 
stratum, less than a foot in thickness. The fifth stratum, 
1 � feet thick, contained flint implements of a totally 
different· and older civilization or culture, the Mous
terian. The sixth stratum, about the same thickness 
as the Mousterian, but older than it in formation, was 
strewn with specimens of a still more ancient type of 
worked flints, the Acheulean. The seventh or deepest 
stratum contained no signs of man's work nor evidence 
of his residence here. Operations carried out in Septem· 
ber, 1909, exposed in the fifth or Mousterian stratum, 

RUBBL£ 

Lr ! AURIGNACIAN 

·::1--tI-I1I���---;r MOUSTERIAN 
----{--

ACHE'ULEAN 
,.{l,!;����-.. -- - - --t-

PRE-ACHEULEAN '������ ________ ·L. 

LA FERRASSIE. 

COMBE CAPELLE. 

Fig. 4.-A diagram showing the various layers or strata 
on the door of the ancient settlement at the rock
shelter of La Ferrassie, where the skeleton of a· 
Neanderthal man 'Wits found; and at Combe Capelle, 
where that of a man of the modern type was dis
covered. The strata are named according to the 
nature of the WOrked dints and other signs of human 
industry found in them. Each stratum, therefore, 
represents a cult�ral age. 

at a depth of 10 feet from the surface, a human skeleton 
belonging to that very distinct race or type of man 
known as Neanderthal. Of the kind of men who lived 
at the rock shelter of Ferrassie during the preceding- or 
Acheulean and the succeeding or Aurignacian ages. we 
know nothing; all we are certain of is that during 
Mousterian times tile men were of that peculiar type 
known as Neanderthal. One would like to know the 
number of years r�presented by the 14 feet of strata at 
La Ferrassie; on that point 1\'e can only say that the 
strata represent the growth of many thousands of 
years and belong to that epoch of the el\ol'th's history 


	scientificamerican11091912-299_Page_1
	scientificamerican11091912-299_Page_2

